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The Facts About 
^Molybdenum 

FACTS gathered from the commercial production 
of scores of thousands of tons of Molybdenum 
Steels, during the War and since, have for the first 
time been set forth in book form. 

Classified in “Types”, the properties and heat treat- 
ments of each are fully yet briefly described, with the 
aid of tables and colored charts. 

This book — “Molybdenum Commercial Steels” — 
has been read and approved in detail, before publi- 
cation, by officials and metallurgists of some of the 
largest alloy steel manufacturers and consumers in 
the United States. All of the data conservatively 
represent the results of their experience with many 
thousands of tons commercially produced and com- 
mercially used. 


Copies may be obtained by addressing 

Climax Molybdenum Company - or -The American Metal Company Ltd. 

61 Broadway New York 

Climax Molybdenum Company is the Laryest Producer of Molybdenum in the World 
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The Aerial Performance of the Year 


When the Martin Bomber commanded by Colonel R. S. Hartz and piloted by Lieut. E. 
E. Harmon landed at Bolling Field, Washington, D. C., on November 9th, it set a new 
milestone in the aeronautical history of this country — having successfully completed a 
trip of 9823 miles around the Rim of the United States. 

The Martin “ Round the Rim ” Bomber set a record for sturdy efficiency that is absolutely unparalleled in 
the history of aviation. The feat of circum-aviating the States wound up a year of consistent, high class 
performance without an equal, a record of a total of 225 hours and 24 minutes covering a total of prac- 
tically 20,000 miles. 

This particular airplane undoubtedly has more noteworthy cross country performances to its credit than 
any other airplane in this country. In addition to its- recent trip around the United States, in the course 
of which it set a new American non-stop record of 857 miles in 7 hours and 10 minutes it has made the 
following noteworthy cross country flights : 


Quality Will Tell in the Long Pioneering Flights 
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THE ACHIEVEMENT 
of 

THE LOENING MONOPLANE 

An Observation Plane that can fight. 

A Pursuit Plane, of high performance, that carries load. 

A Fighting Plane, carrying twice the armament of a Pursuit Plane. 

All combined in one machine, with extreme 
structural simplicity, and practical, accessible 

Loening Aeronautical Engineering Corporation 

351-355 West 52 d Street 
NEW YORK 


A 
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The newest Vought Product, Model VE-10 3-Place Flying Boat — 



Q The unrivalled character of the Design and Perform- 
ance, of course, goes without saying. 

Q We invite your attention to the Desirability of Pos- 
session — assuring you of reasonable First Cost and 
negligible Operating Expense. 

<J Immediate Delivery. * 


CHANCE M. VOUGHT 
Webster and Seventh Avenues 
Long Island City, New York 


^yferojolanes 

YoUGHT 


The Vought VE-7 2-Place Training and Sport Airplane — 



Q VE- 7 , Maj. R. W. Schroedcr, U. S. A. pilot, won the 
New York-Toronto International Airplane Reliability 
Handicap Contest. 

•I Adopted by U. S. Army Air Service as the Standardized 
Advanced Training Type. 

Immediate Delivery for Civil Use. 


LEWIS & VOUGHT CORP. 
Webster and Seventh Avenues 
Long Island City, New York 
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In Addition to Military and Sporting Requirements 

TheAeromarine Plane & Motor Company 

a complete organisation of pre-war origin 

Will Specialize in the Development and Production 

of 

Commercial Airplanes and Motors 

for 

The Transportation of Passengers and Freight 
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Aeroplane Crankshafts 

WYMAN-GORDON COMPANY 

“The Crankshaft Makers” 

Worcester, Mass. Cleveland, Ohio 
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T HAT the Middle West will ere long become the 
most important market for aircraft manufact- 
urers in this country seems a foregone conclu- 
sion to anyone who has followed the spread of interest 
in aeronautical matters in that section. Since the 
Armistice released the aircraft industry from its war 
effort, land machines and seaplanes have been acquired 
by many sportsmen and businessmen of the Middle 
West who were quick to grasp the possibilities of air- 
craft for utilitarian and pleasure purposes. Some use 
flying machines for commuting between their country 
homes and business centers; others employ airplanes to 
supervise their extensive farms; still others fly for the 
mere exhilaration flight offers to the red-blooded sports- 
man. Of course, in addition to this civil aviation 
proper, a great deal of commercial flying is being done 
on a small scale, such as ferrying passengers across large 
rivers and lakes, joy riding, parcel carrying, etc. 

Still commercial air transport on schedule, by the 
use of large comfortably fitted airplanes, such as has 
become a daily occurrence in Paris and in London, has 

that we lack the proper machines; the Martin Trans-' 
port, the Curtiss Eagle, the Lawson Airliner, all prove 
the contrary. What this country needs for building up 
a merchant air service — and this cannot be emphasized 
too strongly, nor often enough — is a chain of properly 
laid out and equipped aerodromes. It stands to rea- 
son that, just as the merchant marine was unthinkable 
without harbors and lighthouses, and automobile traffic 
needs good roads, commercial aviation requires suitable 
lauding stations where airplanes can find shelter, sup- 
plies and repair when needed. 

The Army Air Service and the Air Mail Service have 
already done much good with their campaign to en- 
lighten the country at large in respect to these all im- 
portant needs of commercial aviation. The Army Air 
Service has in particular done pioneering work by out- 
lining last year at the Southeastern Aeronautical Con- 
gress its landing field policy. Municipalities were thus 
made cognizant of just what kind of ground establish- 
ments are required for safe aerial navigation ; that if 
they conformed in the outlay of aerodromes with the' 
specifications of the Army, the latter would furnish 
them with steel hangars free of charge. This policy 
has had an excellent effect on progressive communities, 
for these promptly availed themselves of the offer. 

However, only a small beginning has so far been 
made, for a truly enormous task awaits this country in 
the organization of airways. While the initiative in 
this field will probably come from the municipalities, 


just as it did in the matter of marine harbors, it seems 
that the federal government should nevertheless take a 
stand as to the form of assistance it may be willing to 
render in such case, since commercial aviation repre- 
sents a public utility of great potentiality. 

This question is closely related to the great problem 
of how civil aviation is to be regulated in this country 
without it being stifled by too many government restric- 
tions and yet be prevented from falling into a state of 
chaos, which would undoubtedly occur if every state is 
permitted to regulate air navigation individually. The 
inspection, registration and licensing of aircraft should 
be made a federal function, as should the licensing of 
pilots and navigators, and the drawing up of the rules 
of the air. In brief, one aerial law should be in force 
over the entire territory of the United States, for the 
radius of action of aircraft makes state control entirely 
impracticable. 

Rank Titles for Air Officers 

One of the many delicate problems which confront 
the proposed creation of a single air service, and which 
often cause needless opposition on the part of persons 
otherwise more or less favorably inclined toward such 
a scheme, is the question of rank titles. 

Most bills providing for a unified air service merely 
follow army practice in this respect. This has on one 
hand led to opposition from military men, who feel that, 
to create so many young generals and colonels-*would 
lessen the importance justly attributed to these ranks. 
On the other hand, most Navy officers, who would be 
taken over bodily by the operation of such a legislation, 
will have none of it, because they do not believe it 
proper for captains and admirals to take the rank of 
colonel and general. 

The Royal Air Force of England has solved this puz- 
zling problem in a manner that may have a suggestion 
in it for the proposers of our air force bills. Instead 
of assuming army or navy rank titles. R. A. F. officers 
are given titles entirely distinct from those used by the 
land and sea forces, although of strictly corresponding 
rank. The rank titles of the R. A. F. are, from the top 
of the hierarchy down : Marshal of the Air, Air Chief 
Marshal, Air Vice Marshal, Air Commodore, Group 
Captain, Wing Commander, Squadron Leader, Flight 
Lieutenant, Flying Officer, Pilot Officer. 

As these ranks correspond to those of the British navy 
and army, they take precedence accordingly, while the 
distinctive titles spare the susceptibilities of former 
army and navy officers. This scheme seems therefore 
entirely commendable. 
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Impressions of the Chicago Aeronautical Show 


By Alexander Klemin 


The dominant feature of the Chicago Aeronautical Show was 
ha commercial character. With the exception of a Navy train- 
ing plane and u war-worn Spud, the machines exhibited were 
purely transport and pleasure types. Aircraft manufac- 
turers did not present any military craft because they un- 
doubtedly realize that the time has come where commercial 
aircraft will exert an over growing appeal to the public, which 


The Ai 


Flying Yac 
ero marine Model L 130 hp. ' 
it a high speed of 80 m 

Curtiss Seagull 


always with the introduction of a great deal of resistance. The 
Seagull solution is a particularly pleasing one. 

In the wing-truss of the Seagull it is noticeable that two 
large skid-fins are provided although there is a dihedral in the 
machine. The lift-truss is so arranged that the wing-hinges 

arc carried out at s< ‘ **-- *— •' • • 

pair of 


e from the hull, by the ii . . 

............ -jajfcj*. 


>1 50 flying boat, beautifullv finished in dazz- 
ling white. This machine is illustrative of a good many tenden- 
cies of modern commercial design and lias very clean lines; at 
the same time it does not depart from standard practice. Its 
general dimensions are identical with the Model 40 described 
elsewhere in this issue; the majority of changes appear in the 
equipment of the boat hull. 

A stop is provided for access into the hull, which arrange- 
ment should appeal to the public as it facilitates going on 
board. The seats for the pilot and the two passt 
most comfortably upholstered. The two watertight 
either side do not interfere in any way with the 

strength of the hull. A number of small drawers 

pertinents are provided in front of the pilot and at the sides 
of the machine. The controls are so arranged as to leave the 
cockpit entirely free of wires; thus the rudder-bar is dup- 
licated by another bar to which it is connected by wires carried 
beneath the floor. A wheel-control is provided, but with this 
important modification that the movement of the wheel is trans- 
mitted through bevel gearing; a gear shaft inside the main 
control column and a universal joint to a horizontal sha: 
universal joint at its other end. Elevator and aileron c 
thereby achieved without a single wire cluttering 

While the passengers and pilot are totally enclosed, II 
is quite good through transparent pyralin, and the I 
' r of moveable windows in front of him. 


le biplane is orthogonal, w 
anting of a flying boat engine 
mounting is rugged and amph 


ri partly through tl 


to be disturbed in an,, 
is a great advantage 'in 
» lulc in the Seagull the 
strong with a huge strut, taking up 
propeller, there is no cross-bracing i 
struts. The pull of the lift wires is 

crank case of the engine, and the struts of „ ... 

transmit tension to the hull, which is not quite as it should be. 
It seems an inherent difficulty of flying boat design that tin 
engine mounting is never quite clean or perfect, nor does the 
Seagull escape criticism in this respect. 

A curious feature in this machine is the reappearance of a 
U bolt fitting under the wing-struts; this allows for a simple 
production job, and an easy alignment of landing and flying 
wires on the U bolt, without requiring the care being given to 
the angle of clips of the fittings. On the other hand, once a 
" *'■'* fitting is in position it is very hard to dissemble in any 
The only other seaplanes exhibited at the show, were the 
nown Curtiss N 9 and a large Navy training plane, both 
ich are too well known to call for special comment. In 
■n of the hull, four separate water-tight corn- 
included. Birds-eye maple and mahogany are 
# * - y solid box-' 1 ’-- 


used in the construction ■ 


c-like sides. 


able feature of the pusher design is the distance available be- 
tween the front radiator and the engine. The radiator might 
bo almost considered a free-fair radiator. The engine mount- 
ing deserves careful study as a thoroughly braced job. In 
the rear part of the engine the two upper struts are apparently 
not crossed-braced, but the side struts are tied together by a 
tube in front of the engine. It is curious to note what an enor- 
mous vertical fin is used for this machine, a feature which is 
rendered necessary by the large lateral era of the forward part 


Curtiss Eagle 

One of the exhibits attracting the most atl 
was a three engine Curtiss Eagle. The visi 
interior of the machine formed a lengthy line before' they cot 
secure admittance to the ship. The gross weight of the ma- 
chine is 7,500 lb. and the useful load is 2,300 lb., which is 
relatively very large for the comparatively low combined power 
of the three 150 lip. engiues. The passengers sit in a very 
nicely arranged cockpit, with good vision through unbreakable 
glass windows. Very rationally a large opening is provided 
on either side of the cock-pit, where the pilots are seated, 
giving them excellent lateral vision, and also an opportunity 
to feel a lateral wind. No matter what may be said to the 
contrary, and in spite of the growing tendency to enclose both 
pilots and passengers, it would seem highly advantageous to 
provide such openings for the pilots. 

It is a noteworthy, feature in the design of this machine, and 
* e which will no doubt be often followed in multi-engine 


The Curtiss Seagull is another machine of the three-seater, 
flying-boat type, approximately the same size as the Aeromarine 
Model 50. Equipped with the Curtiss Six 160 hp. engine, it 
makes a maximum speed of 76 m.p.h., and a minimum of 48.5 
m.p.h. This seaplane is in many respects similar to the Curtiss 
MF boats used so extensively during the war for the training 
of Navy aviators, and the main modifications of the MF are 
in the arrangement of the hull, in which a pilot or two pas- 

' Tho hull is provided with a much larger wind-shield than is 
customary in training planes, and lots of leg-room is pro- 
vided for all of the occupants. A curious feature is found in 
the front control-stick. The rear control being further back 
on the side, the front stick is bent under the seat so that it 
works on the same shaft as the rear control-stick. This is a 
very clever piece of design, to get round what is always a 
difficult problem. It is interesting to note on this machine the 
employment of aluminum wing-flonts, which come right up to 
the wing, and require only one strut for lateral bracing. Wing- 
tip floats have been braced in every imaginable way, and 


practice that the ci 


anted o 


in *the r 


... .. for the tt 
ro wing nacelles, with 
■ J *'-e pilot. While tl 


6 ft. belwee. .... 

atroduces a difficulty of vision in unfavorable weather, it does 
away with the necessity of exceedingly long leads for the 
tachometers and gages. The motor mounting is to one side 
of the struts and directly on the lower wing. This would seem 
to provide with the very simplest form of mounting. The 
motor stream lining is very well carried out. It will be remem- 
bered that some time back, the English twin-motor DH-10 had 


n the wing, with a 
m.p.h. The a 


perfon . ... „ 

and stream-lining is used on a German airplane of which photo- 
graphs recently appeared in Aviation. This type of engine 
mounting on the wings seems to form a very rational method. 

The Curtiss designers seem to be thoroughly converted to- 
the idea of free air radiators, of which there are three on this 
machine. These radiators are of the standard honeycomb type. 
A good feature of the design is the provision of a number of 
louvers in the engine stream line, to provide plenty of air cir- 
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. . . any sportsmen or flying clubs, as its 

operation and maintenance is not too expensive for private or 
club use, while its sporting value is of a high order. 

Engine Exhibits 

Exhibits of aircraft engines were comparatively few in num- 
ber at the Chicago Show. Besides the Curtiss Six 150 hp. 
vertical water-cooled engine, the performance of which is most 
excellently illustrated by the long flights of the Oriole and 
the Eagle, exhibits included Hispano-Sniza 180 and 300 hp. 
models and two new Packard engines. The war and peace 
record of the Hispano-Suiza engines is too well known to 
require mentioning ; it may, however, be noted that henceforth 
the American-built Hispano-Suiza engines, produced by the 
Wright Aeronautical Corp. of New Brunswick, N. J., will be 
known under the name of Wright-Hispano to indicate the im- 
portant improvements this Arm and its predecessor the Wright 
Martin Aircraft Corp. have embodied in this design. 

The Packard exhibit comprised 


Side View 


Packard l-A-744 8 -cyi,. 170 Hp. Engine 
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very interesting for commercial usage, and 
■* — “'ll will be watched with interest. The 

By changing the piston, 
power could be very readily em- 
ample margin of safety existing 


, with flat pi 
high compression and more r 
ployed in the as 
for this purpose. 

The other Pac 
tical in design w 
cylinders and a cubic displacement of 1116 ... 
output is 300 hp. at 1,850 r.p.m. Most parts 
able between the two engines. 


further pro- that the greatest hope for our supremac 
.. . t --iherent ingenuity of Americans in genei 
f a few men in the Government employ 
owever, feel that some of our civilian 
i touch with the development of military instrument 
.u,h military airplanes are put, and are. i 
— iry airplanes. MeC< 

dution of hundreds < 


herefore, 
ok Field 

•f widely 


The Aero: 

6-cyl. water-cooled ei 
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McCook Field and the Airplane Industry 

In Aviation and Aeronautical Engineering for Nov. IS, 
1919, there appeared an editorial which criticised the policy 
of the Airplane Engineering Department of the Air Service, 
at McCook Field, Dayton, Ohio, for its relations with the air- 
plane industry. The following statement, which has been 
received from a reliable authority, express** '<■» •••—-> *r 
McCook Field in this matter, and will there 
to American airplane designers and 


e be of it 


A somewhat superficial investigation of the present condi- 
tions controlling ways and means for the development of mili- 
tary airplanes for the United States Army indicates 
of sympathy between the civilian designers 
and the officials at the Airplane Engineering Division at 
McCook Field. If this condition is real, it is much to bo de- 
plored, for, until these two factions, each indispensable for the 
perfection of design of military equipment, come to work in 
hearty sympathy and understanding, development cannot go 

It seems quite possible that the evident lack of sympathy 
may be due largely to failure of each to get the other’s view- 
point, which may, in turn, result from the geographical sepa- 
ration of the two activities. McCook Field is in Ohio, while a 
large part of the present airplane industry is concentrated 


, ...s McCook Field 

ot see enough of the activities of the civilian ex- 
it talk to them often enough to learn their many 
t hand their point 


s probable that the civil 




f airplanes for 


industry is super-performance, whi’le the 
iper vehicle for transporting the diversi- 


diversifled ei _ iiijm| m n 

appear small and are not appreciated by the ’casual observer, 
wnicli, while not interesting for commercial airplanes, are the 
things which make military airplanes effective in performing 
their highly snecialived ftnwKnrw a .‘ 1 * ... ? 


it McCook Field believe, firsl 


desigi 

The officials 

civilian designers slit 
such quality to warra 
operation aiid assistar 
much better position 
touching on military airplanes and 


methods of 

independent 

--o-- r work is of 

. both financially and by close co- 
second, that McCook Field is in a 
know intimately the requirements 


touching on military airplanes and equipmen 
pendent designer; third, that, as McCook Field is required to 
pass on airplanes submitted by outside designers and to cor- 
j the “. airplanes after they are placed in service, 
McCook Field must know intimately the problems and diffl- 
culties of design, and it is maintained at McCook Field that 
these things can only be learned by actually designing and 
limited way, airplanes; fourth, that McCook 
Field should build up and educate an organization capable >f 
gnng military airplanes as a safeguard to the Govorn- 
against the future, when independent civilian designers 
turn from work on military types to the more certain and 


! past yi 
with its 


commercial airplanes and airships, 
year McCook Field lias been seriouslv 
intercourse with outside designer ' 


returning to the pre-wi 


handicapped 

three things: first, the necessity of 

time method of advertising for bic.„ wmcrumi* io me 
other multitudinous regulations covering Government con- 
tracts; second, shortage of funds, the appropriations allowed 
for airplane engineering being entirely too small to keep Ml 
outside engineering facilities busy; third, certain difficulties 
experienced in getting authority to print and distribute tech- 
nical information intended for use of designers and manufne- 
" hlch prevented McCook Field from getting informa- 
liked. Some 


s promptly as it would h 


again being distributed 


do not keep themselves intimately posted regarding th 
at McCook Field, and may even at times condemn this institu- 
tion for its methods without really knowing the conditions 
under which it labors and which make its task a very compli- 

It may help to mention a few of the points of apparent dif- 
ference. The Engineering Division is charged — : ■' 

the Air Service with satisfactory types of ail 

performance of certain military functions. N_ 

needed as to the complexity of the airplane as a complete mili- 
tary unit. The Engineering Division feels that civilian de- 
signers have sacrificed ease of production and maintenance for 
performance. In general, it is true that experimental airplanes 

j-i: J to McCook Field are unsatisfactory for military 

' msive alterations. Perhaps t'- ” — 

It in not getting nlearlv hefor 

peers the relative importance of i 

nance and performance. The usual 

plane in _ _ 

military aim is a proper vehicle for transporting 
fled military equipment required, and doing this in a manner 
to make the composite result an apparatus of easy maintenance 
in the field and with as good a performance as it is possible 

American civilian designers are perfectly capable of design- 
ing excellent airplanes, but tile experience of Army engineers 
is that the only way they can design military airplanes is by 
keeping constantly in touch with the development, not only of 
the military weapons and instruments themselves, but also the 
method of operating them in actual warfare, which, of course, 
'*'* location and methods and arrangements of installa- 


of these difficulties have 

lication, “Technical Orders,” 
through the Information Group, Washington. 

McCook Field is willing and anxious at any time to receive 
suggestions in the way of designs from all civilian concerns 
interested. The shortage of funds, however, will prevent he 
of , “ an y .experimental contracts, as the multitudinous 
md the corrections and defects of 
,- — It is believed that all unite in 
Congressional appropriations for the next fiscal 
.-n~. ’I can be done by inde- 


existing types mus 
hoping that Congn 


e liberal, so 




t McCook Field appreciate fully the fa< 




The Aeromarine Model 40 Flying Boat 

By Paul C. Zimmermann 



Fig. 1. Aeromarine Modei. 40 Flying Boat, Aeromarine B-8 Engine 



Fig. 2. Aeromj 


Model 40 Fly 


L-6d Engine 


iation 
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The Goodyear Type A Pony Blimp 






rial, holding normally 

modatc a third passenger in the rear scat. There is plenty of 
space for wireless and other small apparatus. The drag rope 
is earned in a bo* in the nose. A null pontoon bumper which 
fits the single skid may be carried or not, as desired. 

Accessories— A small size harpoon anchor has been devel- 
oped for thiB ship on the same principle as has been successful 
in larger airships. A new design of fuel pump is used for 
pumping gasoline from the car np to the tanks. The sum. 
pump may be used for pumping fuel up a hose when towing 


e standard Goodyear design. A rubber 
with either a sea or land anchor, 
lense a toy. Although no larger than a 
and not as large as a standard type R 
s little airship carries a power plant large 
;h and efficient means of control to give it perfect freedom 


of motion m any ordinary wind, and ii 
in a class with ships many times its size. 

The legend of the numbers occurring i 
is as follows: 

1— Envelope 

2 — Ballonet 

3— Rip Panel 

4— Rip Panel Cord (inside of bag) 

5 — Rip Panel Cord (outside of bag) 

6— Nose Mooring Line Unit 

7— Nose Grab Lines 

8 — Two-passenger Car 

9 — Car Suspension 

10— Side Grab Line Unit 

11 — Center Grab Line Unit 

12— Rear Grab Line Unit 

. 13 and 14—18-in Gas Valve 

15— 18-in. Air Valve 

16— Pin Brace Wires 

17 and 18— Pin Brace Patches 

19— Inflation Sleeve and Cover 

20— Gasoline Tank 


cruising radius it 
the outline drawi 


24— Rudder Control Line 

25 — Rudder Emergency Line 

26 — Elevator Control Line 

27— Landing Bumper 
■“■—Motor, 4-Cyl. — 40 HP. 


Radio Marker for Aerodromes 


According to the fifth amial report of the National Advisory 
wnmittee for Aeronautics, just issued, the Bureau of Stand- 
ds has developed, primarily for the Air Mail Service, a field- 


transmitting equipment for the ordinary radio direction-find- 
ing signals and for the landing signals. The landing signals 
are projected vertically as an electro magnetic cone of great 
intensity, which can be heard satisfactorily at an altitude of 
3000 or 4000 ft. The device enables the pilot to first find the 
approximate vicinity of a landing field and then fly directly to 
its center, thus makmg a safe landing in a fog or in the dark. 
As elevated aerial systems are manifestly dangerous to air 
navigation, the Air Mail Service experimented extensively in 
radio transmission with antennae only 20 ft. in height, highly 
and admitting of sharp tuning. 


Orenco Military Airplanes 
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A further development of the type D design is the D2 pur- 
suit fighter, designed to make a speed of 165 m.p.h. with a 300 
hp. Hispano-Suiza engine. 

Other Orenco designs for military planes include the C2 
advanced training plane, the C'3 pursuit training plane, the 
C4 cross-country plane, the 400 hp. type E armored fighter, 



the type E2 infantry liaison plane and the twin-motored type 
H2 artillery observation and fighting aeroplane. 

At present the company is completing the first of its com- 
mercial planes, the type F tourist provided with a 150 hp. 
Hispano-Suiza engine. This plane can travel a distance of 290 
mi. at the rate of about 90 m.p.h., carrying the pilot and three 
passengers. The side-by-side seating arrangement is comfort- 
able and convenient. Dual controls in the rear cockpit make 
it possible for an inexperienced passenger to handle the ma- 
chine at a safe altitude, as the pilot is able to resume control 
at any instant. The type F plane promises to become popular 
because of the simplicity of its construction, the ease with 
which parts can be replaced and the general efficiency and 
attractiveness of the design. For carrying mail or light ex- 
press, the type F may be slightly modified to meet the require- 



ments of such special services. By the substitution of floats 
instead of wheels, the type C plane makes a neat seaplane suit- 
able for pleasure purposes. 

For general passenger carrying and sporting uses, where 
lakes and rivers are available, the type I four-seater flying-boat 
is equivalent to the type F tourister in regard to the attrac- 
tiveness of its seating ararngement and its appeal to those 
who seek a plane that is able to withstand continual hard usage 
and yet combined with the utmost in modern conveniences. A 
closed hood covers the passengers' and pilots' compartments, 
protecting them from wind and spray. 


The Monaco Seaplane Meeting, 1920 

The International Sporting Club of Monaco will hold the 
next of its annual seaplane meetings — which had been dis- 
continued owing to the war since 1914— from Apr. 18 to 
May 2, 1920. The meeting wiU be reserved for contestants 
of Allied nationality, including the United States, and for 
seaplanes (float and boat types) constructed in the country 
of the contestant and fitted with engines of the same na- 
tionality. The meeting will be run under the rules and reg- 
ulations of the Aero Club of France. 

The main event of the meeting, called the Grand Prize 
of Monaco, will comprise three stages: (1) Monaco-Corsica 

(alighting on the sea at Ajaccio or Bastia)-Bizerta-Tunis, 

van r 405 Sta. mi.; (2) Bizerta-Tunis-Sousse- 

- mi.; (3) Bizerta-Monnco 
. All take-offs and alight- 


Bizerta, appr. 500 km., 

direet, appr. 750 km., or 465 Sta. in 

from or upon the sea, i 


possible, in shelte 
The Grand Pra 
dividual trials, ca 
many tuke-ofis ns 




Is contestant being authorized to nmkt 
he desires during fifteen days bet\ 
"1. M. T. Befo ' • 






imprising a climb to 2,000 m. in a maximum 
f 45 min. with a disposable load (apart from fuel, oil, 
nents and pilot) of 400 kg. (880 lb.), represented by 
, and full fuel load. An allowance of 30 kg. (66 lb.) 
a made for seaplanes fitted with a separate motor for 
reloss apparatus. All contestants must be fitted with 


underlying the i 


represents 


ssumed to have ai 


icrformance, 
a equalize the chances bet\ 
leather conditions. 


stop after 6 p. m. or before 
' 1 only at the time the 

— missed the scheduled 
iucceed in covering m 


. Contestants w . __ 

one day will not be specially credited with such 
:h stage counting os a flight day in order . 
' ' ' ' stunts with regard to 


e the reliability of seaplanes used in mail 
carrying, the contestants will be placed in principle accord- 
ing to the number of days taken for the three stages, and, 
if there is a tie, according to the speed made on the third 
stage. 

The prizes will be 100,000, 30,000, 12,000 and 8,000 francs. 

The other events include a five-day altitude competition, 
with a first prize of 2,500 francs and daily prizes of 500 
francs, and a speed contest over the 125-km. course Mouaco- 
Cannes Monsco-Menton, for which there are prizes of 3,000, 
1,500 and 500 francs. The speed contest, which will be held 
on Apr. 25, is reserved for seaplanes which on that date ' 
made the best perforr * ’* ' ‘ ~ 1 “ * ' 

one hour. 


hi Feb. 29, 1920, and full details c 
* Clnb, n i0 “me AuteVTPari£ r ° m ^ 


N.A.C.A. Offices Moved 


The National Advisory Committee for Aeronautics an- 
nounces the removal of its offices from the fourth wing, third 
floor, building D, 4th Street and Missouri Avenue, N.W., to 
the second floor, seventh wing, of the Navy Building, 17th and 
B Streets, N.W., Washington, D. C. 


In the future the official address of the committee, to which 
all communications should be addressed, will be as follows, and 
all parties concerned in addressing mail or other matter to the 
committee are requested to take notice of and use this form : 
National Advisory Committee for Aeronautics, 

2722 Navy Building. 17th & B Sts.. N.W., 
Washington, D. C. 


Superchargers and Supercharging Engines' 

By Maj. George E. A. Hallett, U. S. A. 
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tested on a Liberty engine al 
veloped approximately sea- 

tude of 14,000 ft. It was capaoie oi maxing tue engine pre- 
ignite at that height. The Moss supercharger, as first built, was 
if rather crude construction, and much mechanical trouble was 


throttled to 
prevent the 

air is reach. 
Contrary 


both the 

, , hich one 

i ted that although Dr. Moss’ 


no longer deliver sea-lev 

engine, if the -* : - 

With the » 


encountered with all parts except the rotating element. controls. On i 

After the armistice was signed nil work on the development the altitude cc 
of superchargers was stopped. When the engineering division as he ascends, 
of the Air Service took over McCook Field and started to ' 
peace-time development, the supercharger situation was c 
fully considered. It was decided that it was important to 
tinue development work along this line. It then ' 
sary to decide whether work should be continue 
Sherbondy and the Moss n 
should be developed. It wi 

machine was comparatively cruoe, n. cumaiueu some un.eicui 
advantages over the Sherbondy type, and no way was seen to 
overcome the faults of the Sherbondy machine. Therefore, the 
latter was dropped and the General Electric Co. was given a 
contract to rebuild the old supercharger designed by Dr. Moss. 

The new device is now being tested in actual flight and giving 
very interesting results. Figures on the results obtained with 
the' present Moss supercharger are naturally confidential. The 
indications arc that the turbo-compressor is very durable and 
probably will outlast an aviation engine. 

J. W. Smith, a designer and builder of air-cooled radial en- 
gines, located in Philadelphia, is known to have designed a 
turbo-compressor for this type of engine. The B. F. Sturte- 
vant Co. at Boston, Mass., has at least partially developed a 
belt-driven centrifugal compressor for supercharging one of 
its aircraft engines. 

carbureter in relation *to the blower in supercharged engines. 

Apparently all positions have been tried : 

( 1 ) It is possible to use the centrifugal type of blower as a 
carbureter by placing a fuel jet within its housing and allow- 
ing the rotor to do the mixing. As the rotor usually runs over 
20,(100 r.p.m., it will certainly mix liquid fuel with air. This 
system would require a manual fuel adjustment, such as is used 
with the Gnome engine, for different speeds. With this ar- 
rangement there would be danger of an explosion in the blower 
in case the engine back-fire, because the mixture in the blower 
would be under pressure higher than atmospheric. 

(2) The carbureter can be placed on the suction side of the 
blower. In this case the evaporation of the fuel will assist in 
cooling the charge during compression and the action of the 
compressor will improve the mixing of the fuel, but the danger 
from explosion remains to be overcome. 

" •' carbureter is placed in the “normal” po~ 

o “ b 


expectations, the Moss turbo-compressor now 
McCook Field does not complicate the pilot’s 
normal engine the pilot handles the throttle and 
altitude carbureter control which thins down the mixture 
turbo-compressor the altitude control 


it is used, as witl 
“ ■ 


higher. 

, ... , is allowed to “waste” through 

manually operated “gates” in the exhaust pipes. As ' 
plane ascends the pilot closes these gates a little at a time i 
after he reaches a great altitude he can speed and retard 
plane by the use of these gates. He uses the throttle only it 

— - ’ 31 ’ closes it. In our test 

sealed altimeter con- 
, so that it shows to 
When at great alti- 



rced through it) it becomes necessary to “ bul- 
ee " the float-chamber with supercharger pressure, 
newhat complicates the feeding of fuel. " 


is-feed 


_ 1 banned ” in military plant 

ssure system that tanks would have to be made com- 
vcly heavy to withstand the pressure which would be 
it great altitudes. Where gasoline pumps arc used it is 

ary to regulate their discharge pressure as the plane 

ascends, because the fuel must reach the float-chamber at a 
pressure about 2V6 lb. higher than that at the supercharger 
outlet. If the difference in fuel and float-chamber pressures is 
not kept in constant relation, the qunlity^nf the mixture fed to 

the float-chamber. ' The engineering division has developed n 
very simple device that solves this problem effectively and is 


the 


tlly seem at first thought that the extremely 
temperatnres always found at great altitudes would make 
ible the easy solution of cooling problems, but in reality 
low density' of the ' ’ - «---*■ — *—“-=* -* 




^ worptiM 

ing normal power at sea level. 

The Liberty engine and 
temperati * ■ 


a little m 


it 25,000 ft. i 


in best with a water 

mt 170 deg. Fahr. To maintain the cooling 
temperature in the reduced atmospher 


Very effective radiator 


e several pounds of a: 
he water from boiling 
ire needed when the ei 


the carbureter causes the altimeter to show sea-level pressure. 
This makes it unnecessary for him to do any calculating. If 
lie makes the gate read lower than sea level, the engine will pre- 
ignite. We have already been able to obtain sea-level pressure 
in the carbureters at well over 20,000 ft. The exact height can- 
not be mentioned at present. 

With a normal engine the falling off in power as the plane 

as might be expected, because of the reduction in density ofthe 
air in which the propeller is working. Our best engines do not 

charged so that the power remains constant as the plane 
ascends, the propeller tends to “race” at great altitudes. 
Therefore it is necessary either to use a variable-pitch propel- 
ler or to put on one that holds the engine speed down to low 
for best performance on the ground but also does not allow the 
engine to race too much at great altitude. In our present tests 
— 1 propell J ~ *“ 


Supercharging Engines 

As generally used, the term “ supercharging engines ” refers 
to internal-combustion engines in which compression in the 

an additional volume of air or mixture into the working cylin- 
ders after completion of their normal suction stroke. Early in 
the war the Army aud the Navy each placed an order with the 
Kessler Motor Co., Detroit, Mich., for several experimental 
supercharging engines. This type of engine, shown in Fig. 
3, supercharged each cylinder by the use of crankcase pressure, 
as is possible in four-cycle engines. Experiments were made 
using ^both air and mixture in ffie^ crankcase. Considerable 

of the engine and so far as the engineering division has 
learned, no complete tests have been run; and in the small 
amount of testing that has been done no very large increase in 
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power or brake mean effective pressure has been shown offi- 
cially. It is believed that the frictional losses will prove to 
be very high in this type of engine and that the supercharging 
will be comparatively limited. A simitar engine which was 
tested in this country did show very high frictional loss, due 
partly to the work of operating the valves which controlled the 
crankcase air. 

An interesting problem in this type of engine when using 
air in the crankcase is whether a rich mixture should be fed • 
through the regular induction system and an effort made to 
dilute it with the supercharged air, or a normal mixture should 
be fed through the induction system and an attempt made to 
obtain perfect stratification and thus let the supercharged air 
merely form a cool, elastic and expanding cushion on the pis- 
ton-head. It is feared that in either case it will be difficult 
to secure the desired results through a large range of speeds 
and throttle positions. 

There is an English make of supercharging engine in which 
air is compressed under the piston and by-passed through 
cylinder ports at the bottom of every stroke, (see Fig. 4) 
supercharging, as in the Kessler engine, at the end of the sue- 



lion stroke and scavenging at the end of the exhaust stroke. 

aible the use oH higher compression and greatly improves the 
fuel economy and brake mean effective pressure. It is be- 
lieved that this engine will give rather limited supercharging 
and it may prove difficult to control the mixing or stratification 
of the air and mixture at some speeds. 

In an English rotary air-cooled engine the pistons travel 
out to the cylinder-heads on the scavenging stroke and the 
beginning of the suction stroke and continue an extra distance 
inward at the end of the suction stroke, thus taking in a larger 
charge than that of a conventional engine. The piston reaches 
only a normal position at the end of the compression stroke 
and continues an extra distance inward at the end of the suc- 
tion stroke, all by means of an eccentric crankpin bearing 
which is rotated on the crankpin by gears of suitable ratio. 
This type of engine must certainly give a very limited amount 
of supercharging. 

It is believed that supercharging engines will necessarily give 
a rather limited amount of supercharging. It is also believed 
that considerable difficulty will be encountered in obtaining the 
desired stratification in mixing conditions in the combustion 
chamber through any wide range of throttle positions. Also, 
some mechanical friction is added in this type of engine and it 
must be borne in mind that friction is particularly undesirable 
at great altitudes because it remains nearly constant from the 
ground up to great altitudes while the power falls off rapidly; 
therefore, the mechanical efficiency of the engine becomes 
very low. 

The Root type of blower might be interesting for super- 
charging purposes if the troubles caused by the pulsating na- 
ture of its discharge could be eliminated. It is hoped that Mr. 
Lewis’ efforts along this line will meet with success. 

It is already frequent practice to build aviation engines with 
compression so high that the throttle cannot be fully opened 
on the ground without injury to the engine. In this way, per- 


haps, the same power is obtained at 5000 ft. as can be obtained 
on the ground. It has been suggested that this idea be carried 
further and that an “ oversize ’’ engine be built with much 
higher compression so that the throttle cannot be opened fully 
until a considerable altitude, such as 10,000 or 15,000 ft-, is 
reached. It has been stated that such an engine could be 
made lighter, in proportion to the cylinder sizes, than a con- 
ventional engine, on account of the fact that the throttle would 
never be opened near the ground, but it is believed that when 
this idea is investigated, it will be found that it is the ineitia 
forces quite os much as the explosion forces that determine the 
necessary strength in most high-speed airplane engine parts 
and that therefore such an engine could not be built light 
enough to make it practical. In any case, it is doubtful 
whether this would give a really good solution for flying at 
25,009 or 30,000 ft. 

It is possible that centrifugal compressors can be operated 
satisfactorily by gears or by a belt drive. It is known that 
some designers are working on both of these problems. 

The turbo-compressor in which an exhaust-driven turbine is 
used for driving the centrifugal compressor, seems to present 
one fairly good way of accomplishing the desired purpose. 
The turbo-compressor itself is very simple, as there is only one 
moving part, namely the rotating element consisting of the 
turbine wheel and compression impeller. The bearings of this 
rotating element do not seem to wear noticeably and the de- 
vice imposes very little drag on the engine when not being used 
for supercharging. The turbo-compressor is also an effective 
exhaust muffler. 

The Future of the Supercharger 

It is believed that when the present type of turbo-compressor 
now being tested by the engineering division has been more 
fully developed, it can be built into an engine in a form 
which will add less weight and less bead-resistance than the 
present machine, and naturally when we know exactly what ad- 
ditional cooling surface is required at a given height, it will not 
be difficult to build this cooling surface into the airplane in 
such a form that very little weight and head-resistance will be 
added. 

The uses of the supercharger for military service can be 
divided into, first, for airplanes in which it is desired to reach 
extreme altitude; second, for airplanes in which it is desired to 
increase the rate of climb and horizontal speed and therefore 
maneuverability at altitudes where it is intended to fight; and, 
third, for airplanes which carry large loads, such as bombtrs, 
which normally are handicapped by having a very low ceiling 
and whose entire usefulness would, if larger engines were in- 
stalled to pull them to a higher ceiling, be lost on account of 
the larger amount of fuel and other material that would have 
to be carried, thus decreasing their radii of action. 

In the first case it is believed that a special supercharger 
can be built that will make feasible much greater altitudes 
than any that have been attained with the present General Elec- 
tric turbo-compressor; and it is considered essential that we 
have airplanes capable of reaching very great heights. In the 
second case, it is pointed out that military machines not fitted 
with supercharging engines, when fighting at an altitude of 
20,000 ft. or more, are so near their ceiling that their rates of 
climb, speed and maneuverability are comparatively poor, but 
the use of a supercharger seems to overcome this difficulty 
easily. When a pilot climbs with a normal engine to 20,000 
ft. and then levels off in horizontal flight, the engine and pro- 
peller speed up perhaps 100 r.p.m. This, of course, enables 
the engine to develop slightly more power. In the case of a 
supercharged engine, especially with the turho-comprcssor type 
of supercharger, as the engine speeds up in horizontal flight, 
the temperature of fhe exhaust and the power available from 
the exhaust increase, thus building up the supercharging pres- 
sure and giving considerably greater increased power than with 
normal engine. 

The use of superchargers in commercial airplanes of the 
future is assured because superchargers will make possible far 
more miles per hour and more miles per pallon with a given 
engine and airplane, and speed is the main advantage of air 
over other kinds of transportation. It is thought by many 
qualified judges that by flying nt a sufficient height with a 
supercharged engine and a suitably designed airplane, a speed 
of 200 m.p.h. can be maintained. 

In the heavy-load-carrying type of plane which must neces- 
sarily cross mountains or perhaps fly above storms and clouds. 
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the necessary height can be reached with smaller, cheaper and 
more economical engines if they are fitted with superchargers. 
It is obvious that in really long cross-country flights or trans- 
continental flights, with mail or passengers, the logical course 
is to fly at 25,000 or 30,000 ft. altitude where the resistance to 
speed is low and great speed can therefore be attained pro- 
vided the engine can deliver high power economically, which it 
can do if equipped with a supercharger. 


As a graphic illustration of the advantage of a supercharged 
engine, it is pointed out that at 25,000 ft. altitude a super- 
charged 250-hp. engine will deliver as much power as a 1000- 
hp. engine without a supercharger; and of course the former 
will weigh many hundred pounds less, its fuel and tankage will 
weight very much less, the first cost will be much lower and the 
structure of the airplane can be made much lighter. 


Torque Reaction Beds for Engine Tests 



a that by the author which s« 


been nllowed for. 


the i 


author shows that ii 


e next reviewed. 


is 2.— Those in whieh the reaction axis is parallel will 
engine axis but does not coincide with it. 

be obtained in two ways : 

(a) The bearings supporting the bed are in line with 
engine axis. 

(b) The supporting bearings are not in line with the en 

to coincide with the engine axis. 

Method (6) is preferable, both on account of cost and s< 
ction bed with hearing ii 


a the i 


tial structure has ti 


of the pro 


If tr 


it be hollow to allow the propeller 
n the rear is used, a very substan- 
;tcd in order to support a heavy 


o fulfill this condition in a simple 


The axis of rotation ’of the bed (2) is parallel with the engine 
axis (1) and is at the same height from the ground. The en- 
gine couple is ii and through the engine axis a force is sup- 
posed to act, whose horizontal and vertical components are 
«*U3 )f by A a “ d B Equ,l,brmm “ ob, " ned b - v loaa 

M = aP—(a + b)Q (*) 

andP = B-fe -ill) 

P being the reaction of (2). 

To obviate the two measurements, P and Q, bearing (2) is 
not fixed in spaee but carried by a second lever which connects 
(a?) and ( y ) . By suitably proportioning the different parts, 
P can be eliminated, as will be seen in Fig. 2. 

The virtual axis of rotation of the system is at (1), Q there- 
fore measures the torque irrespective of the forces A and B. 
This system has the additional advantage that by removing one 
of the links, the motor can be weighed in position. 

The speed is estimated by a stroboscopic method, as is usual 
in all reaction beds. 

The author states that a bed of this design is being con- 
structed for a Berlin firm. Practical results are not vet avail- 
able. 

( Essay subnntted to the Technical College at Breslau, by 


An Investigation of Airplane Fuels 

By E. W. Dean and Clarence Netzen 


The chemical section of the Bureau of Mines petroleum 
division began its preparations for war work some little time 
before the United States actually entered the war, but during 
the first few months no attempt was made to concentrate on 
any specific investigation. 

Shortly after the proposed airplane program of the United 
States was announced, W. F. Rittman and C. H. Beal of the 
Bureau Petroleum Division conferred with Maj. Souther of 
the Aviation Section of the Signal Corps, and arranged that 
the Bureau of Mines should undertake to study the problem 
of aviation motor fuel. About Aug. 1, 1917, Chester Nara- 
more, chief petroleum technologist of the Bureau, assigned 
the authors to the active work of the investigation. 

Fuels Suitable / or Training Planet 

One of the first a 
Signal Corps was th 
and fields for the training of aviators and it seemed advisable, 
therefore, to investigate the fuel needs of the types of ( 
used in training planes. 

The grades of gasolim 
as motor fuel at this time could be divided into three classes, 
which for purposes of ready reference were given character- 


l cnemical properties, was understood t 
*1 having a dry point of 190 deg. Cent. (374 deg. Fahr.) 




Grade X Gasolim 


r various purposes a 


district as 73-74 


This type of gasoline was at the 
Langley Field tests marketed in the Pittsburgh 
produced for special 


cooled engine used with the Delco light equipment, which 
engine is adapted for operating on kerosene, it was found 
that the use of compression ratios above a certain Uniting 
value caused what was described as “ the kerosene knock ” or 
" pinking ” (if kerosene was used as motor fuel). An engine 
showing this undesirable phenomenon could be operated 
smoothly if the fuel were properly selected. Benzol-kerosene 
or even gasoline-kerosene mixtures were notably superior to 
kerosene, and certain chemicals, particularly alkyl iodides, 
had specific "anti-knocking” properties. This phenomenon 
had been studied intensively and important information ob- 
tained as to its nature and the methods of preventing i:. It 
was behoved that this “ knocking ” or " pinking ” was the chief 
factor that limited the compression ratios of airplane engines 
to the maximum figures maintained in standard practice, these 
being of the order of 5.4 to 1. 

The work of the Dayton research laboratory had shown the 
necessary characteristics of fuels capable of' standing higher 
compressions and meeting all the other necessary require, nents 
for successful performance and it seemed that this investiga- 
tion could be applied with great advantage to the aviation fuel 
problem. It was arranged that the Bureau of Mines and the 
Research Division of the Dayton Metal Products Company 
should cooperate in ascertaining what fuels eapable of stand- 
ing high compressions were most desirable and mos ' ' 

~nd whether or not the indication 


offered a possibility of materially increasing the power of 
airplane engines at the expense of very slight increases in 
weight and with no important mechanical alteration except 


e gasoline generally exported, 


purposes in some other regions. During the gasoline shortage 
of the summer and early fall of 1918, it was withdrawn from 
the market and now seems to be definitely discontinued. For 
present purposes this grade was understood to include 

products of dry point lower than 160 deg. Cent. (320 deg. 

The results of the Langley Field tests and the general in- 
formation collected indicated that engines operated with vola- 
tile fuel required less careful adjustment than that required 
for the heavier types of gasoline but that the engineers at 
the various fields wore getting reasonably satisfactory results 
without the use of a specification system for the purchase of 
their supply of gasoline. The problem of major importance 
was the study of the effect of different types of fuel upon the 
performance of the more highly developed types of engines 
used in actual military operations. 

Dayton Cooperative IP ork 

The research organization maintained by The Dayton Metal 
Produets Co. was found to be studying the relation between 
the nature of fuel and the maximum compression ratio* that 
could be maintained in an engine without interfering with 
smooth operation. In the course of experiments with the air- 

• The term compression ratio means the ratio between the volumes 
in no engine cylinder above the pinion when the latter Is respectively 
at lower and upper dead center. A flgnre in pounds per square inch 


Preparation and Obtaining of Fuel, 

Preliminary experiments of the Dayton laboratory had shown 
that the chemical properties of the fuels were more important 
than physical properties. Samples of gasoline were the:-ofore 
obtained that were derived from different varieties of crude 
petroleum. Synthetic or cracked gasolines were obtained from 
companies operating several different cracking processes. 
Benzol was obtained and was used as such and in the form of 
various mixtures. Alcohol and alcohol mixtures were ob- 
tained and prepared. In addition an extensive research was 
devoted to the production of cyclohexane (otherwise named 
liexahydrobenzene or hcxamethylcno). The history of this 
investigation is interesting and as this product later proved 
of considerable importance, an account of the work is given 
in brief. 

In the course of the conferences previously mentioned the 
uthors were frequently advised that the Germans were using 

g, as it was reanzea mat roe ootaining of 
cyelonexane in sumcient quantity for netnal tests involve.! con- 
siderable difficulty. During the early stages of the Dayton 
cooperation the senior author had an opportunity to review 
the original and sole evidence upon which was based the rumor 
that the German aviation service had been using cyclohexane. 
This evidence was in the form of a report from a French 
laboratory of the analysis of some gasoline taken from n cap- 
tured German airplane. It was found that the figures con- 
tained in this report had been misinterpreted and that they 
indicated the absence rather than the presence of cyclohexane 
in the German gasoline. In this connection it may be men- 
tioned that there seems to be no evidence that German airplanes 
operated with anything but a good grade petroleum gesoline 
at any time during the entire war. 

Upon his return to Dayton with the news that the cyclo- 
hexane problem was solved, the senior author was informed 
that a review of the properties of this hydrocarbon indicated 
that it might be exactly the fuel that was required 4 fo;- high 
compression engines. It was believed that in spite'nf their 
reputed efficiency the German engineers had missed' a bet. 
Experimental work on the hydrogenation of benzol was al- 
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ready in progress in the Dayton laboratory and developed 
shortly into an activity that proved highly interesting and im- 
portant. The preparation of this fuel involved considerable 
difficulty and the earlier results were not very promising as 
regards ease of production, although the expected advantages 
of oydohexane were demonstrated the iirst time it tvas teste.l 
in an engine. A detailed description of the investigation de- 
voted to the hydrogenation of benzol is to appear in a future 
technical paper of the Bureau and for the present it may 
simply be stated that the initial production of a pint per 
week of 24-hr. days was subsequently increased to a maximum 
of 28 gal. per 24 hr. day. No evidence was obtained that even 
this quantity was the maximum that could be handled in a 
single hydrogenating unit and there was every reason to be- 
lieve that successful large scale operation could be attained 
in a relatively short time. 

The motor fuel actually tested after the first few engine 
runs was not pure cyclohexane but a mixture called “ hccter,” 
composed of from 70 to 80 per cent of cyclohexane and 20 
to 30 per cent of benzine (benzol). Both cyclohexane and 
benzine have freezing points in the neighborhood of 5 deg. 
Cent. (41 deg. Fahr.) and if used pure are not suitable for 
airplanes operating at temperatures ranging down to consid- 
erably below zero Fahrenheit. The mixture of cyclohexane 
and benzine in the proportions used for hector has, however, 
what is known ns an eutectic point and freezes in the general 
neighborhood of 40 deg. Fahr. below zero. 

Engine Teals ol Various Fuels 

Through the courtesy of the engineers at McCook field the 
Bureau obtained the loan of a testing engine made by equip- 
ping one cylinder of a standard Liberty engine with a special 
crank case, shaft and fly-wheel. A set of pistons was obtained 
which gave compression ratios ranging between 5.3 to 1 and 

8.2 to 1. (Pressures measured with an Edelman gage with 
the engine turned at 400 r.p.m. varied from 113 to 185 lb. per 
sq. in.). The use of dynamometer and machine-shop facilities 
were provided by Mr. J. H. Hunt, in charge of the research 
department of The Dayton Engineering Laboratories Com- 
pany. 

A considerable number of fuels were tested with this equip- 
ment and results obtained showing that gasoline composed of 
paraffin hydrocarbons had a marked tendency to knock at the 

5.3 to 1 compression ratio, whereas hecter, benzol, alcohol, 
and a special nlcohol-benzol-gasoline mixture (Taylor Fuel 
No. 4) showed only a slight tendency to knock under an 8.2 
to 1 compression ratio.* Cracked gasolines and California 
gasolines were intermediate in resistance to knocking and were 
notably better in this respect than the paraffin base products 
which have in the past been highly esteemed as motor fuel. 
This superiority is attributed to the presence of unsaturated 
and cyclic hydrocarbons in the cracked distillates and to cyclic 
hydrocarbons in Ihe California gasoline. Many of the fuels 


« *succeBSful operation 1 i 


that resist knocking have undesirable properties that more 
than overbalance this advantage and at a last analysis the 
most promising product was found to be hecter, with Cali- 
fornia gasoline or gasoline-benzol mixtures a second choice. 
Hecter was considerably superior in resistance to knocking 
and was used in subsequent tests to determine the advantages 
of equipping airplane engines with high compression pistons. 
It was believed that additional tests with hecter would settle 
the proposition of using special fuels and super-compression 
ratios and that even if hecter was found to have specific un- 
favorable properties not heretofore detected, it would still 
be possible to select or prepare fuels that were superior to 
gasoline derived from paraffin or intermediate base crude oil. 

Supplementary Tests 

A full set of twelve special pistons was obtained permitting 
the adjustment of a standard Liberty engine to a compression 
ratio of 7.2 to 1. This engine was put in a DeHaviland No. 4 
plane and two trial flights made at McCook field. Results 
were unfavorable as trouble was experienced with actual pre- 
ignition of the fuel which is a phenomenon distinct from 
knocking or pinking. 

The same pistons were transferred to the experimental field 
of the Dayton Wright Airplane Co. and another Liberty en- 
gine tried in a DeHaviland plane. The hecter was changed 
slightly in composition so that it contained 70 per cent of 
cyclohexane and 30 per cent of benzine instead of being the 
original 80-20 formula. (Benzine and benzine mixtures were 
shown by Mr. E. F. Hewitt to have notably higher ignition 
temperatures than other hydrocarbons and it was believed that 
the trouble experienced at McCook field could be obviated in 
this way). The results of this series of flights were favorable, 
the engine operating smoothly and yielding the additional 
power that was to have been expected on account of its high 

The high compression pistons were then transferred to Wil- 
bur Wright field and a test flight made. Official permission 
to publish results of this test has not yet been received but it 
nfay be said that they were even more favorable than the re- 
sults of flights made at the Dayton Wright field. The engine 
operated satisfactorily and gave the increased power output 
that its high compression ratio warranted. 

As a final test of the feasibility of using high compression 
ratios in engines employing hecter os motor fuel the piBtons 
were installed in an engine in the altitude chamber of the Bu- 
reau of Standards. Here again the theoretical superiority in 
power output was substantiated and no difficulties were dis- 
covered incident to the use of the special fuel. 

The tests just described were all that have been made up to 

that extensive* 8 jse V trf'h?gh n con^ression enginra by* o?dffiaiy 
operators would show up disadvantages that have not as yet 
been discovered. It appears, however, that with the single 
exception of the readily eliminated trouble with preignition 
at McCook field the tests with multi-cylinder engines are in 
complete agreement with those made with the single-cylinder 
engine. 



Velocity and Stresses in a Glide* 


By Comdr. J. C. Hunsaker (C.C. ), U. S. N. 



md propeller efficiency, e, 
Ro, may be made. Thus 
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Since the resistance is known 
square of the velocity, and it is 
portant decrease in resistance 
smaller angles of incidence, w 
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n^ e vrere*broTen a ln fl et*rtEr„^ , lhe b ^vimd. W un<l *noa 
broken In the splice. ^ The wood In^tbe^wlng^stnict 


been severely strained previous to the accident. It Is known thnt Carl, 
strom pulled out of the slide very quickly, and In all probability the 
machine was overatressed by so doing. Since the front Inner lift cables 
were not broken and us a failure of the froot outer strut might not be 

serious, the nccldent probably resulted from the front — 
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airplane propeller is not mol 
’ on a steep dive with power, 

e, the slip and hence the thrust vi 




speeds are easily attained, as will he shown below. 

If the engine is throttled down in a glide, tbe slip quickly ivj _ on integration 
becomes negative^ and the propeller arts as a brake, preventing g,V,D8 on ,nte e ra, '°" 

brake action is not known but must be considerable. Experi- , 

ments at the University of Paris with a Gnome-engined Blfiriot 
monoplane showed that, on a glide, the propeller cranked the 
engine as a windmill and absorbed power equivalent to an ad- 
ditional resistance of about 20 per cent. The Gnome is a low- 
compression engine which will work in this manner when the 
ignition is cut. 

It is probable that an ordinary engine throttled down to 
minimum revolutions is a more effective brake on a glide than 
when stopped dead. 

To consider a general case, assume an airplane descending 
at an angle A to the horizon with engine running full power. 

Neglect the thrust of the propeller, which only acts in the 
beginning to hast 
velocity, and also 
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Substituting V = and separating the variables, the ore 
of the equation is reduced by one and the variables may 
separated by inspection : 


o neglect the relative decrease in the airplane’s 

leuisiuuce due to absence of the propeller blast. 

Modern airplanes, especially those used for school purposes, 
are given ample wing surface to permit reasonably slow land- 
ing. and when high speed is desired an engine giving 100 or 200 
per cent power in excess of the minimum for flight is used. 
Consequently, at its highest speed the airplane has unnecessarily 
large wings and must fly at a small angle of incidence. This 
angle of incidence at high speed may be within 3 to 5 deg. from 
the angle of no lift. The latter is usually an angle of about 
— 3 deg. between apparent wind direction and chord of wings. 
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•elocity T, reached, is found •* 
-tti nirf in (3), we lb 

T = yl%sinA, 

iting (6), and (7), in (5), and throwing into ik 
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Knowing t 
liven airplani 


up to an incidence 5 deg. g 

-it for constant velocity the 

all airplanes remains very nt 
ling the maximum horizont 


(8) we see that theoretically an infinite time must elapse b 
fore the terminal velocity is reached. In other words, tl 
velocity approaches the terminal velocity as a limit. 

The integration of the motion in space instead of time coo 
i mates affords additional light and is readily effected by — 

Q_dV ds_ydV () 
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Velocities much in excess of normal may be reached volun- 
tarily by a pilot in trick flying, or involuntarily in a nose dive 
following a stall, or other temporary loss of control, and it is 
of interest to examine into the structural strength of our ma- 
chines under such abnormal conditions. 

The typical airplane chosen above flies normally at an angle 
of incidence of 2 deg. The angle of no lift is about — 4 cleg, 
to the wing chord, and from this point the lift curve plotted 
on angle of incidence is practically a straight line. 

r to maintain a straight trajectory on a glide, the 

ml to the direction of motion 

action of the wings. 


component of the w< 




It is evident from this large angular acceleration that the 
_achine can be pulled out of a dive very quickly by exerting 
a pull of 75 lb. on the control bridge. At a speed of 130 
-- - and an angle of incidence of 14 deg. the factors of 
-* " ‘ structural members of the machine 

require more than 0.5 sec. and the machine ought 
t a small amount of its velocity in so short a time, 
it is to be expected that some structural member 
if the machine will fail. 


m.p.h. and 
safety of s. 


ns? 


ri\ 


but such assumptions are considered plausible. The cc 
sion is evident that any airplane of usual construction Cl 
wrecked in the air by severe abuse. 


The Variable Angle of Incidence Airplane 
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The Goodyear Tire Sc Rubber Company has absolute faith 
in the future of air-way travel in America. 

This is evidenced best by Goodyear’s pioneer activities, by 
its present complete manufacturing facilities, and by its 
comprehensive plans for the future. 

During the past nine years, approximately one thousand 
Goodyear balloons have been built, and a set of competent 
balloon men have been trained. 

So, naturally, Goodyear is prepared to build today any 
type of balloon desired, from the smaller sizes to the huge 
trans-Atlantic liners. 

Goodyear is prepared, too, to furnish all rubber accessories 
required for airplanes, such as tires, hose and gasoline con- 
nections. 

Ba/loons of Any Type and Every Size 
Everything in Rubber for the Airplane 
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A consultation with our sales engineers 
will help you immediately to “Full Speed 
Ahead!” 

THE NEW DEPARTURE MANUFACTURING CO., 
Bristol, Coon. 444 Detroit, Mich. 


Full Speed Ahead! 


Success awaits the manufacturers 
who can best meet the enormous 
demands of post-war business. 

To get the best out of machines, 
put the best into them — New De- 
parture Ball Bearings. 

Let all moving parts turn on these 
efficient conservers of mechanical 
energy. Reduce friction, increase speed 
and production; cut down oil consump- 
tion and wear, increase accuracy and 
prolong life — produce more goods at less 
manufacturing cost. 
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The Home COMPANY New York 

ELBRIDGE G. SNOW, President 
Home Office: 56 Cedar St., New York 

AIRCRAFT INSURANCE 

Against the Following Risks 

1. FIRE AND TRANSPORTATION. 

2. THEFT (Of the machine or any of its parts). 

3. COLLISION (Damage sustained to the plane itself). 

4. PROPERTY DAMAGE (Damage to the property of others). 

SPECIAL HAZARDS 

W indstorm, Cyclone. Tornado— Passenger Carrying Permit — Stranding and Sinking Clause— Demonstration Permit — 


AGENTS IN CITIES, TOWNS AND VILLAGES THROUGHOUT THE UNITED STATES AND ITS POSSESSIONS, 
AND IN CANADA, MEXICO, CUBA, PORTO RICO AND CENTRAL AMERICA 

Aircraft, Automobile, Fire and Lightning, Explosion, Hail, Marine I Inland and Ocean), Parcel Post, Profits and Commis- 
sions, Registered Mail, Rents. Rental Values, Riot and Civil Commotion, Sprinkler Leakage, T ourists' Bag- 
gage, Use and Occupancy, Windstorm 

STRENGTH REPUTATION SERVICE 


“The Propeller That Beats Them All’* 



Specially designed for Curtiss Airplanes, O. X. 5 Motors; it climbs 2000 ft. in 
five minutes with full load; it adds 10 miles per hour flying speed. Hundreds of 
them already in use. Some Airplanes are being fitted with three seats to utilize the 
enormous power of this propeller. These propellers are carried in stock; ready 
for immediate delivery- Price, $50.00 for plain tips; $70.00 with metal tips, 
F. O. B. 


Airplanes rebuilt; repaired; spare parts; supplies 

JACUZZI BROTHERS 

1450 SAN PABLO AVENUE, BERKELEY, CALIFORNIA 

(Contractors of propellers for the United Stales Government / 
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ATLAS WHEELS 


Are daily gaining in iaoor 
with manufacturers and 
pilots of aircraft because: 

They Absorb Shocks 
They Are Stronger 
They Are More Reliable 



Standard Sizes Carried in Stock 


Inquiries and orders will 
receive prompt attention 


THE ATLAS WHEEL COMPANY 

Rockefeller Building 

CLEVELAND - OHIO 


JONES 



Airplane Tachometer 


“Best by Test” 

waa designed especially for the United 
States Navy Department for use in the war. 


We supplied the Navy Department with 
large quantities of these instruments and 
their splendid record of service under all 
conditions as demonstrated by the famous 

Trans-Atlantic flight of the N C 1— N C 3— 
N C 4 where the JONES AIRPLANE TACH- 
OMETERS were standard equipment, has 
been highly commended by the Navy De- 
partment officials. 

The mechanism is of the centrifugal 
type; the dial is black with radium 
graduations and pointer, and is cali- 
brated in various speed ranges up to 
5000 R. P. M. 

JONES AIRPLANE TACHOMETER 

is the lightest instrument of any type 
yet produced, and is geared to be 
driven at cam shaft or engine speed 
without extra attachment. 

JONES HAND TACHOMETER 



“cSJ our i r~w " " flo ok Iri t 

JONES MOTROLA, Inc. 

29 W. 35th Street New Yc 
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Sturtevant Model 5A — 4}-5 


Shvfinni 

AIRPLANE ENGINES 

HAVE BEEN FLYING FOR TEN YEARS 

They are the product of skilled 
engineering and manufacturing 
experience running through 
three generations. 


Latest types are now available 


Our new Catalog, No. 259, will interest you 


B. F. STURTEVANT COMPANY 

HYDE PARK, BOSTON, MASSACHUSETTS 



a counterbalanced aviation 
crankshaft .... 


Patented July loth. If 17 

one of the I 8 different 

models we are now making 
for 1 A aviation motor companies . . . 
reduces vibration and eliminates bearing pressure 

We have shipped 46,637 Aviation Crankshaft, to January 16, 1619 

THE PARK DROP FORGE CO. CLEVELAND, OHIO 
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JOHNS-MANVIIXE 

Speed Indicating and Recording 

Aeronautic Instruments 


SPRUCE LUMBER 

for 

Airplane Construction 

'C'OR twenty years we 
have been exclusive 
manufacturers of PACIF- 
IC COAST SPRUCE 
LUMBER. Our product 
is from the very best forests 
of SITKA SPRUCE. 

We solicit your inquiries 

MULTNOMAH LUMBER 
& BOX COMPANY 

PORTLAND OREGON 
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For R.P.M. Readings 
During the Block Test 

Before installing or after overhauling 
motors, get their accurate “rev.’ ratings 





The Veeder Mfg. Co. 



y u bos 


During the world war Dural 
Tubes, Hose Connections and 
other Rubber Parts won an 
exceptional recognition in the 
aircraft field. 

Fully recognized by U. S. 
Government and used as 
equipment on giant Caproni 
Bombing Planes. 


DURAL RUBBER CORPORATION 




MONOPLANES 
B I PLAN ES 
TRIPLANES 


WILLIAM 


*ANE ■— S 


THE BRITISH a COLON! AL.''"aERQPLANE CO.. Ltd. 
,,2BW,A "” - N ~ Y ~ k °-* 
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Aluminum Company of America 

General Salt. Office, 2400 Oliver Bnildini 
PITTSBURGH, PA. 

Producers of Aluminum 


Manufacturers o/ 

Electrical Conductors 
for Industrial, Railway and Commer- 
cial Power Distribution 

Ingot, Sheet, Tubing, Rod, Rivets, 
Moulding, Extruded Shapes 

ale© 

Litot Aluminum Solders and Flux 

CANADA 

Northern Aluminum Co., Ltd., Toronto 
ENGLAND 

Northern Aluminium Co, Ltd., London 
LATIN AMERICA 

Alnminum Co. of South America, Pittsburgh, Pv 



BAKER CASTOR OIL CO. 

bounded I8ST 

The Oldest and laigeet Manufacturers 
of Castor Oil in the United States 
1 '20, BROADWAY » - - NEW YORK. 


Specially Refined 
for the Lubrication of 
AERONAUTICAL MOTORS 


a 

A-A 

Castor Oil 


FUEL LEVEL 
GAGES 

This cut shows our 
Model Gage 
which is standard on 
practically all type 
of military training 
machines. 

Other types of gages 
in large quantities 
are “ doing their 
bit ” as part of the 
equipment of Eng- ■■ 

I 1 i s h Government 
~ Warplanes. ^ 

SPECIAL TYPES DESIGNED 
FOB V O UK ESPECIAL NEEDS 

BOSTON AUTO GAGE CO. 

8 WALTHAM STREET, BOSTON, MASS. 
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BObUIP YOUR PLTINBS WITH 

PIONEER INSTRUMENTS 

" COMPASS AIR DISTANCE RECORBER " 
TURN INDICATOR BANKING INDICATOR 
AIR SPEED INDICATOR DRIPT INDICATOR 

PIONEER INSTRUMENT COMPANY 

2-4-0 GREENWICH ST. NE.W YORK CITY 


Miessner Airfones 

and 

Simon Radio Apparatus 

for 

all aircraft uses 


Emil J. Simon 

217 Broadway New York City 



For Your Flying 
•* — Boats Use 

\ Fr£R YS PATi 'rH|||l 
i WatEXPROO^H j 

■pauiD gl | I 

Upward of 5,000 gallons 
of Jaffery’a Patent 
Waterproof Liquid Glue 
has been used by the 
U. S. Navy and War De- 
partment. and aa much 
manufacturers of sea- 

i L ’ FERDINAND *> j" T 1 

L. W. Ferdinand & Co. 

152 KncUnd SUM 
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AIRPLANE INSURANCE 

FOR THE 

Manufacturer — Flyer 


^SLL 


PHONE— WRITE— IF. 


HARRY M. SIMON 


1 Fallon Street 


Grand Rapids Vapor Kilns 

are used by these aircraft concerns with absolute 
satisfaction. 



Submit your drying problem to experts who make a 
specialty of kiln design and arc prepared to furnish and 
install all equipment and instruments. 

GRAND RAPIDS VENEER WORKS 

Grand Rapids, Michigan Seattle, Washington 



REGISTERED PATENT ATTORNEY 
2 RECTOR STREET NEW YORK 

Telephone 4174 Rector Ooer 30 Fears in Practice 


Louis Dusenbury & Co., in C . 

MANUFACTURERS AND IMPORTERS 
INTERIOR TRIMMINGS OF QUALITY 
FOR PASSENGER PLANES AND 
DIRIGIBLES 

CARPETS 

UPHOLSTERIES 

CURTAIN FABRICS 

229-233 FOURTH AVENUE NEW YORK 



A. J. MEYER MANUFACTURING CO. 

819 John Street West Hoboken, N. J. 


Flottorp Manufacturing Co. 

AIRCRAFT PROPELLERS 

Established 1912 



213 Lyon St., Grand Rapids, Michigan 


Contractors to United States Government 


SPECIALTY: Patent Claims That Protect 



AIRPLANES DEVELOPERS OF SPECIAL AIRCRAFT SEAPLANES 

WITTEMANN- LEWIS AIRCRAFT COMPANY, Inc. 

HASBROUCK HEIGHTS BUILDERS SINCE 1906 NEW JERSEY 
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INTERNAL PT A MDUdfC TOOLS 
GRINDER OlAlUririUO DIES 



Lansing Stamping & Tool Co. 

Lansing. Michigan 


LEARN TO FLY 

in old established school, under an instructor who has 

AMERICAN ACES 

Army Training Planes Used. 
W e Build Our Machines. 


DAYTONA FLYING CLUB (Winter). Daytona, Fla. 


“ The Spark Plug 

That Cleans Itself” 



“The Plug With the Infinite Spark” 


BREWSTER-GOLDSMITH COMPANY 

33 GOLD STREET, NEW YORK CITY 



ENGINEERS 


Airdromes — Fields. Equipment, Operation, 
Aircraft — Design. Construction. 
Aerial Transportation. 


United Aircraft Engineering Corporation 

52 Vanderbilt Avenue 
New York 


CLASSIFIED ADVERTISING 

NAUTICAL ENGINEERING. IS East 17tb Street, New Tort 


AEROPLANE DRAFTSMEN — Wanted immediately, expe- 
rienced aeroplane draftsmen. Call or write Ordnance En- 


FOR SALE— Prut 



•tieall.v new Hall-So 
perfect condition. 1 
check of *350 takes 


iped with Radiator 
Address Box 112. 
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J7LEVEN years of aviation 
motor experience by a staff 
of trained mechanics who have 
given undivided attention to 
perfection instead of large 
production, places the HARRIMAN motor in a class by itself. 

We offer this year four sizes — 30 h. p. 4 cylinder, 60 h. p. 
4 cylinder, 1 00 h. p. 6 cylinder, 200 h. p. 6 cylinder at greatly 
reduced prices with a guarantee that cannot be 
met by any other manufacturer. 



LET US QUOTE ON YOUR REQUIREMENTS 

Harriman Motor Company 

SOUTH GLASTONBURY, CONN. 


More Than Ever During 1920 

Will you require regular copies of 

AVIATION AND 
AERONAUTICAL 
ENGINEERING 

To follow the extraordinary advances being made in aircraft and air transportation. 


SPECIAL OFFER 

Send One Dollar for a four months’ trial subscription — eight issues 


GARDNER-MOFFAT CO., INC. 

22 EAST 17TH STREET NEW YORK 
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INDEX TO ADVERTISERS 


Aeromarine Plane & Motor Co. . . . 
Aluminum Company of America. 
American Propeller & Mfg. Co. . . 
Atlas Wheel Co 
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Meyer, A. J., Mfg. Co 

Multnomah Lumber and Box Co. 


B 

Baker Castor Oil Co 

Barker, F. W 

Berling Magneto 

Boeing Airplane Co 

Boston Auto Gage Co 
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British and Colonial Aeroplane Co., Ltd. 
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Climax Molybdenum Co 

Curtiss Aeroplane & Motor Corp 
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Doehler Die-Casting Co 
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Dusenbury, Louis, & Co., Inc 
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Edstrom Machinery Co 
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^ New Departure Mfg. Co 
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Farman, H. & M 
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Hall- Scott Motor Car Co 

Harriman Motor Co 
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West Virginia Aircraft Co. . . . 
Wittemann-Lewis Aircraft Co. 


520 

555 

517 

516 
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Zenith Carburetor Co 
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We design and build propellers of walnut. 
Our mills are located in the choicest wal- 
nut districts in the country, affording an 
unlimited supply of the best timber. 

Walnut is the acknowledged superior 
wood for airplane propellers, government 
tests having shown that it is strong, dur- 
able and able to withstand great shocks. 

HARTZELL WALNUT PROPELLERS 
have proven by their performance that 
they are efficient and lasting. 

Our Engineering Department will gladly 
co-operate with you in designing a propel- 
ler to meet your requirements. 

HARTZELL WALNUT PROPELLER COMPANY 

" Builder* o f propellers of proven performance" 
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FARMAN 

AEROPLANES 

Billancourt, (Seine), France 



H. & M. FARMAN have been the recognized leaders of the Aircraft Industry in 
France since 1907. 

FARMAN planes have been flown by over 15,000 pilots, over the great capitals of 
America and Europe, in all kinds of weather, in Peace and in War. 

H. & M. FARMAN were First in the Field in the construction of Commercial Aero- 
planes with the Famous FARMAN “ Goliath,” making regular trips between Paris and 
Brussels. 

FARMAN products are built for SAFETY, SERVICE and RELIABILITY, backed 
by the experience and knowledge gained in the manufacture of thousands of aeroplanes. 


For business — Buy a FARMAN For pleasure — Fly a FARMAN 

The “Goliath” — 14 Passenger (or freighter) The “Limousine” — 6 Passenger (or freighter) 

The " Tourabout ” — 3 Passenger The "Training Plane” — 2 Passenger 

THE “ SPORT-FA RMAN” 2 PASSENGER 
Deliveries at New York, planes assembled, tested, and ready for flight 
Represented in America by 

W. WALLACE KELLETT 

1 WEST 34th ST. NEW YORK CITY 
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EPEATED tryouts on some of the largest fields in the world have 
more than proven the ruggedness and dependability of UNITED 
STATES AIRPLANE TIRES. 

United States Tires 
are Good Tires 




